In order to develop the investigations into photobiogenesis of vitamin D3, a rapid and precise method for the determination of the vitamin in rat skin was established by using high-performance liquid chromatography (HPLC). The proposed method included saponification of small pieces of rat skin, extraction of the unsaponifiable matter and application to HPLC using "Zorbax SIL" (straight-phase) as an adsorbent and 0.5% isopropanol in n-hexane as a mobile phase. The applicable lower limit of the method was 2ng of vitamin D3/cm2 of subcutaneous tissue-removed skin and it was possible to assay a concentration higher than 2ng/cm2. The proposed method was applied to determine the content of vitamin D3 in rat skin obtained from in vivo and in vitro irradiation experiments. In the in vitro experiment, the yield of vitamin D3 increased in proportion to the irradiation time. On the other hand, the yield in the in vivo experiment showed a proportional increase similar to the in vitro experiment until 60min irradiation, while a nearly constant value was obtained by irradiation for longer than 60min. When the rat skin obtained from the in vitro experiment was irradiated with monochromatic UV rays in the range 260-350nm, the most effective wavelength for the formation of vitamin D3 was confirmed to be 303nm, which differs from the result obtained from the experiment in a test tube (295nm). Moreover, the yield of vitamin D3 by irradiation with UV rays below 288nm was extremely low, which again differed from the results of a test tube experiment. These differences were thought to be due to the filter effect of the malpighian layer in the epidermis of rat skin. Keywords cholecalciferol, 7-dehydrocholesterol, gas chromatography mass spectrometry, high-performance liquid chromatography, irra diation, pre-vitamin D3, rat, skin, ultraviolet ray, vitamin D3
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The antirachitic activity of sunlight has long been believed to be due to the photochemical conversion of 7-DHC to vitamin D3 via pre-D3 in skin exposed to UV rays in sunlight (Dorno ray). However, little experimental information on the photobiogenesis had been reported before our previous papers appeared (1) (2) (3) (4) . In the first report of the series (1), the existence of 7-DHC in rat skin was identified by GC-MS, whereas in vivo conversion of the sterol to vitamin D3 was investigated by HPLC in the second report of the series (2). In the third report (3), a nanogram order of the 25-OH-D3 generated in the blood and liver of vitamin D-deficient rats irradiated by UV light was identified by mass fragmentography and quantified by HPLC. Furthermore, the in vivo-generated pre-D3 and vitamin D3 themselves in the irradiated rat skin were identified by GC-MS in the fourth report (4) . On the other hand, HOLICK et al. (5, 6) identified the in vivo-generated pre-D3 in UV -irradiated rat skin by using HPLC and mass spectrometry, while in vitro-generated vitamin D3 in skin was also identified by EsVELT et al. (7) . Our results agreed in that the endogenous 7-DHC in the rat skin was photochemically converted to vitamin D3 via pre-D3 in the same manner as in a test tube by UV irradiation, then the generated vitamin could be metabolized normally to show the physiological effects. In order to develop the investigations, we proposed a rapid and precise method for determining in vivo-generated vitamin D3 in rat skin. BECKEMEIER et al. (8) (9) (10) reported a bioassay method to determine the vitamin in rat skin, but it was complicated and time-consuming. Since the presently proposed method using HPLC is very simple and precise, it will be useful for further studies. The obtained value, which was corrected by a thermal equilibrium coefficient between pre-D3 and vitamin D3, means the sum of pre-D3 and vitamin D3. Since 1cm2 of the rat skin (subcutaneous tissue-removed) weighed about 0.1g, the approximate content of vitamin D3 per weight of the skin (ng/g) could be obtained by the value obtained above (ng/cm2) times 10. 3. High-performance liquid chromatographic profile of the unsapon liable matter obtained from the in vivo experiment When the unsaponifiable matter obtained from the in vivo experiment was applied to the HPLC according to EXPERIMENTAL, the chromatogram as shown in Fig. 2 (a) was obtained. The peaks corresponding to vitamin D3 (retention time: 22.6min) and 7-DHC (retention time: 30.5min) were observed on the chromato gram, but those corresponding to the other photoisomers could not be confirmed being masked by impurities. Since the peak due to vitamin D3 was minor, it was recorded by higher sensitivity (16times higher than the normal record) as shown in Fig. 2 (a) when vitamin D3 was determined.
When the unsaponifiable matter obtained from the skin of nonirradiated, vitamin D-deficient rats was applied to the HPLC, the peak corresponding to vitamin D3 could not be observed on the chromatogram, as shown in Fig. 2 (b) .
Identification of vitamin D3 in the skin of UV-irradiated vitamin D-deficient rat
As mentioned above, the peak corresponding to vitamin D3 was observed on the HPL-chromatogram of the unsaponifiable matter obtained from the in vivo experiment. The eluate corresponding to the peak was fractionated and the same procedure was repeatedly applied to other parts of the unsaponifiable matter to collect large amounts of the eluate. The eluates thus obtained were combined and referred to as the vitamin D3 fraction. This was submitted to the following instrumental analysis to identify vitamin D3. 1) Reversed phase HPLC. The vitamin D3 fraction was applied to the reversed-phase HPLC described in EXPERIMENTAL. As shown in Fig. 3 (a) , the peak Gas chromatogram of the vitamin D3 fraction isolated from the UV-irradiated rat skin.
Peak 1, pyro-D3; peak 2, isopyro-D3. Fig. 5 . UV absorption spectrum of the purified vitamin D3 fraction isolated from the UV -irradiated rat skin. The vitamin D3 fraction was further purified by reversed-phase HPLC (column: Zorbax ODS) followed by straight-phase HPLC (column: Zorbax SIL) and then the UV absorption spectrum was recorded according to the procedure described in EXPERIMENTAL.
corresponding to vitamin D3 with a retention time of 21min was observed on the HPL chromatogram. When co-chromatography was performed by mixing the vitamin D3 fraction with authentic vitamin D3, the peak indicated was single with an increased peak height, as shown in Fig. 3 (b) .
2) GLC. When the vitamin D3 fraction was applied to the GLC according to EXPERIMENTAL, the gas chromatogram gave two peaks whose retention times agreed with those of pyro-and isopyro-D3 (thermally cyclized products of vitamin D3), as shown in Fig. 4. 3) UV spectrum. After further purification of the vitamin D3 fraction by reversed-phase HPLC (column: Zorbax ODS) followed by straight-phase HPLC (column: Zorbax SIL), the UV absorption spectrum was estimated according to EXPERIMENTAL. As shown in Fig. 5 , the spectrum gave a maximum at 265nm and a minimum at 230nm showing the triene structure of the vitamin D3 molecule.
4) GC-MS. We have already reported (4) that the in vivo-generated pre-D3 and vitamin D3 in the UV-irradiated rat skin could be identified by the results of GC-MS using electron impact and chemical ionization detectors and mass fragmentography. In this paper, we re-investigated the GC-MS using the electron impact detector on the UV-irradiated rat skin in order to confirm the in vivo generation of vitamin D3.
The purified vitamin D3 fraction prepared for the estimation of UV spectrum was applied to the GC-MS using the electron impact detector according to EXPERIMENTAL. Since vitamin D3 is thermally isomerized into two cyclized products "pyro and isopyro-D3" at a temperature of GLC, the two peaks due to the two products with retention times of 6.0 and 9.0min, respectively, were observed in the gas chromatogram (estimated by a total ion collector). The mass spectra corresponding to the two peaks similarly gave the molecular ion (M+) at m/e 384 and the fragment ions at m/e 366 (M+-H2O), 351 (M+-H2O-CH3), 325 (M+-H2O-C3H7+H+), 271 (M+-side chain) and 253 (M+-side chain-H2O). These results showed the typical fragmentation patterns of pyro and isopyro-D3 which agreed with those derived from authentic vitamin D3. Then, the mass spectra of the eluate obtained from the GLC was estimated at an interval of 6 sec and recorded on a computer. The mass chromatograms described by using the recorded data are shown in Fig. 6 (a) and (b) . When the mass chromatograms of the purified vitamin D3 fraction obtained from the UV-irradiated rat skin were described by the molecular ion at m/e 384 and the fragment ions at m/e 351, 325, 271, 145 and 143 (Fig. 6b) , all gave the two peaks due to pyro-and isopyro-D3 with retention times of 6.0 and 9.0min, respectively, which agreed with the respective chromatograms of authentic vitamin D3 (Fig. 6a) .
From the results of reversed-phase HPLC, GLC, UV spectrum and GC-MS, the existence of vitamin D3 in vivo generated in the UV-irradiated rat skin was completely identified. The values of nos, 1, 2, and 3 to 7 mean those of UV-irradiated rat skin without and with addition of 1,000ng of authentic vitamin D3, respectively. rat skin increased linearly in proportion to the increase of irradiation times. On the other hand, in the in vivo experiment it showed a linear increase similar to the in vitro experiment until 60min irradiation and a nearly constant value was maintained by further irradiation. The results obtained from the in vitro experiment were similar to those obtained from an irradiation experiment carried out on an ethanol solution of 7 -DHC in a test tube in the same manner, although the former's yield was about 1/50 smaller than that of the latter. Therefore, the photochemical conversion of 7-DHC to vitamin D3 in the in vitro experiment was considered to proceed in a similar manner to that in a solution state. On the other hand, a nearly constant yield was observed after 60min irradiation in the in vivo experiment. This phenomenon may be explained by either rapid translocation of the produced vitamin D3 into the blood, diffusion of the produced vitamin D3 into a nonirradiated area of the skin or regulation of vitamin D3 production itself in the skin . The investigation of the mechanism will be followed in future.
The yields of vitamin D3 in the skin previously reported in a preliminary experiment (2) were much smaller than those described in this paper. The reason that for this might be mainly the insufficient irradiation of the skin and insufficient direct extraction of lipids from the skin. In this report, we carefully performed the irradiation experiment, and the direct extraction of lipids was excluded , while a modified method using direct saponification of the skin followed by extraction of the unsaponifiable matter was applied for the determination of vitamin D3 . Therefore, the data previously reported were revised to those described in this paper.
Effect of wavelength on the yield of vitamin D3 in the in vitro experiment
Each piece of the skin before irradiation obtained in the in vitro experiment was irradiated with a monochromatic UV ray in the range 260-350nm according to EXPERIMENTAL. Then, the yield of vitamin D3 in the irradiated skin was determined in order to investigate the effect of wavelength. As shown in Fig . 9 , the most effective wavelength for the formation of vitamin D3 was 303nm, whereas irradiation with UV rays below 288nm gave far lower yields. These results differed from those obtained by irradiation of an ethanol solution of ergosterol or 7-DHC Fig. 9 .
Yield of vitamin D3 in rat skin irradiated with monochromatic UV rays of various wavelengths.
which gave a maximum yield on irradiation with light of 295nm and comparatively high yields on irradiation with light below 290nm, as reported in previous papers (13, 14) . EVERETT et al. (15) reported that the penetration of UV rays below 300nm through rat skin was discriminated by the filter effect of the malpighian layer in the epidermis. Therefore, we thought that the differences mentioned above between the irradiation of rat skin and 7-DHC in a solution state might be due to the filter effect of malpighian layer.
